Background/Aims: The aim of this study was to investigate the specificity and sensitivity of eosinophil cutoff points defining the colonic tissue eosinophilia (TE) and compare the yield of reporting the highest count versus the mean of five high-power fields (HPFs). Materials and Methods: One hundred and seventy-one cases of colonic TE, including 22 primary eosinophilic colitis (PEC) cases, were compared to one hundred and twenty-one normal controls in the University of Jordan. The highest eosinophil count (EC) and the mean of five HPFs were recorded. The receiver operating characteristic curve (ROC) analysis was used to find the cutoff point with the best sensitivity and specificity. Results: There was no significant advantage of counting five fields over counting the most densely populated HPF. Using 30 eosinophils per HPF achieved 80% sensitivity and 65% specificity. This point is close to the mean in normal controls plus one standard deviation (SD) (29 per HPF). However, there was overlap between normal counts and TE, using 30 as a cutoff point resulted in 35% false-positive rate. There was no reliable cutoff point to differentiate PEC from secondary TE. Conclusion: We recommend reporting the highest EC in colonic biopsies and using 30 as a cutoff point, bearing in mind the overlap with normal and correlating with the clinical team to not treat asymptomatic patients. Clinicopathological correlation is essential to separate PEC from secondary TE.
INTRODUCTION
Colonic tissue eosinophilia (TE) is defined as increased eosinophils within colonic biopsies. It is divided into primary eosinophilic colitis (PEC) and secondary eosinophilia caused by drugs, parasites, inflammatory bowel disease (IBD), and other conditions. [1] [2] [3] Recently, TE has gained attention, which is reflected by the increased publications about the subject since 2000. [4] However, a quantitative definition and consensus criteria to diagnose TE are lacking. [5] [6] [7] The main reason behind this is the scarcity of published data regarding the normal number of eosinophils. DeBrosse examined eosinophil counts (ECs) in 44 children autopsy specimens. [8] Occasionally, other publications investigated normal eosinophils among children. [5, [9] [10] [11] Normal ECs have not been adequately investigated among adults. The largest study to date was conducted by Turner, which included 159 normal and 194 PEC cases. [12] Matsustisha investigated normal counts among Japanese adults. [13] A major limitation of these studies, as pointed by a recent meta-analysis [14] is that cases of functional gastrointestinal (GI) disorders were not excluded from the normal controls, despite the suggested role of eosinophils in these disorders. [15] Due to the lack of an agreed definition, researchers use variable cutoff points to diagnose TE. In clinical practice, 20 eosinophils/HPF is used. [4, 15, 16] However, Alhmoud used 50, which is the maximum number reported in normal biopsies, [17] whereas Collin suggested using twice the maximum of normal counts. [2] No previous study attempted to investigate the sensitivity and specificity of these cutoff points.
There are no known histopathological features to separate PEC from secondary TE. Diagnosing PEC is made on clinicopathological grounds, where, TE is reported in symptomatic patients for whom secondary causes are excluded. [18] Another practical problem that needs to be addressed is to investigate if there are differences regarding reporting the number of eosinophils in the HPF with the highest eosinophil density compared with calculating the mean of eosinophils in several HPFs. Some researchers were content with one HPF [2, 17] others counted four [5] or five [12] fields. One study found no statistical difference between counting 3 and 10 fields. [19] In view of the above mentioned gaps in the literature, this study aims at: 1. Finding a reasonably sensitive and specific cutoff point of abnormal eosinophils 2. Comparing the yield of two counting methods: highest count versus mean of five fields 3. Investigating if there are histopathological features that distinguish PEC from secondary TE.
MATERIALS AND METHODS
This retrospective, cohort study covered the period between January 1, 2016 and August 1, 2018. The computerized system in the histopathology department at the Jordan University Hospital (JUH) was searched for five diagnostic categories in colonic biopsies, including normal mucosa, tissue eosinophilia, drug reaction, ulcerative colitis (UC), and Crohn's disease (CD).
Cases diagnosed as TE (130 cases) were reviewed to separate the PEC from secondary TE. The review included referring to the computerized clinical records to check for drug history, parasitic infections, and other causes of TE. These cases were also discussed at the clinicopathological meeting held at the JUH's Gastrointestinal Unit. Of the 130 cases, 22 were diagnosed as PEC. Of the above 130 cases, 7 were found to have drug-induced TE. A search for "drug effect" and "drug reaction" revealed another five cases. Of these 12 cases, 8 were because of nonsteroidal anti-inflammatory drugs (NSAIDs) and four because of colchicine. A total of 61 CD and 76 UC were included.
In the four categories, the inclusion criteria included documented TE in the histopathological reports and definite clinical diagnosis of the underlying cause after discussion at the clinicopathological meeting. Histological review of the slides included assessing crypt architectural changes and basal plasmacytosis as histological indicators of IBD. All IBD cases included in the study (UC and CD cases) were confirmed as such by the histopathological assessment and clinical evaluation. None of the other TE cases showed architectural abnormality or basal plasmacytosis.
As this study focused on TE among adults, subjects less than 15 years were excluded. The cases in which the cause of TE was not fully investigated were also excluded.
One hundred and twenty-one normal biopsies were included. Cases with a history of diarrhea, altered bowel habits, or abdominal pain were excluded even if the biopsy result was normal. Biopsies from subjects less than 15 years old were also excluded. The normal biopsies included were from subjects undergoing screening, cancer follow-up, or polyps-where the normal mucosa was also biopsied. Colonic biopsies from patients with vague abdominal pain who also underwent a gastric biopsy, showing histologically documented gastritis that explained the pain, were included.
The hematoxylin and eosin slides for all cases were reviewed to confirm the initial diagnosis, count the number of eosinophils, and check for features of eosinophil activation, including eosinophilic cryptitis, crypt abscesses, and degranulation [ Figure 1 ].
The eosinophilic count was recorded as the number of eosinophils per HPF using a 10X ocular lens and a 40X objective lens, resulting in 400-fold magnification with a field area of 0.24 mm 2 using an Olympus BX51 microscope. The number of eosinophils in the most densely populated HPF, as well as those of four other HPFs, were recorded.
Statistical analysis
The data were presented on a Microsoft Excel sheet, version 16.12. A two-tailed t-test was used to compare the means of variables and a P value of < 0.05 was considered as significant. Confidence intervals (CIs) were calculated at a 95% level. Pearson's correlation coefficient was used to measure correlations between variables, where appropriate.
The receiver operating characteristic curve (ROC) analysis was used to find the cutoff point with the best sensitivity and specificity. The area under curve (AUC) was divided into five categories, which were, 0.90-1 as excellent, 0.80-0.90 as good, 0.70-0.80 as fair, 0.60-0.70 as poor, and 0.50-0.60 as fail. [20] 
Ethical considerations
The University of Jordan ethical committee and the JUH Institutional Review Board (IRB number 67/2017/4288) approved this study.
RESULTS
This cohort comprised of 121 normal controls and 171 TE cases, which included 22 PEC, 76 UC, 61 CD, and 12 drug-induced cases. Table 1 details the demographic features of the study population. Table 2 details the ECs in TE cases and controls. Using both counting methods showed a statistically significant difference between EC between both groups; P < 0.000 in both methods.
Comparing eosinophil density and activation between cases and controls
The ROC curve analysis of both counting methods are shown in Figure 2 (highest count) and Figure 3 (mean of five fields). The AUC in both is within the fair category (0.71 and 0.79, respectively). Several cutoff points were chosen and their respective sensitivity and specificity calculated [ Table 3 ]. Taking 20 as a cutoff gave 80% sensitivity and 60% specificity if the mean of five fields method was used, whereas the same point had 92% sensitivity but 39% specificity if the highest count was used.
In this latter method, 30 eosinophils per HPF achieved 80% sensitivity and 65% specificity.
Histologic features of eosinophil activation were rarely seen in the control group; eosinophilic cryptitis was noted in 9.1% compared with 55.6% of the TE cases. Degranulation and crypt abscesses were not seen in the controls.
Comparing eosinophil density and activation among the cases subgroups:
The PEC cases showed the highest number of eosinophils. The mean eosinophilic count in the HPF with the highest density was 55.3 compared with 46.8 in the drug-induced cases [ Table 4 ].
Of the 61 CD cases, 32.8% were active and 67.2% quiescent. The mean of the maximum number of eosinophils in the active cases was 38.9 compared with 39  86  60  25  87  54  75  75  30  80  65  60  80  35  67  71  49  87  40  63  82  41  95  45  52  90  37  100  50  45  92  28  100 EC=Eosinophilic count, HPF=High-power field, Specificity=1-false positives 18.6 in the quiescent cases (P = 0.0006). The mean number of eosinophils measured in five fields was also statistically significant (P = 0.0003). Seventy-six of the TE cases were because of UC, 57.9% were active and 42.1% quiescent. The maximum number of eosinophils in the active cases was 110 compared with 57 in the quiescent cases. There was a statistically significant difference between the mean of five fields (P = 0.0008) and maximum (P = 0.005) number of eosinophils per HPF between the two groups. Table 5 summarizes features of eosinophilic stimulation and lymphoid aggregates. Degranulation was a universal feature in the study groups. There was a correlation between cryptitis and the mean of eosinophils per HPF with the highest density (Pearson's coefficient of 0.59). All the cases of PEC and drug-induced TE contained foci of cryptitis. There was no correlation between the eosinophil density and the rest of eosinophil activation features.
Comparing eosinophilic density and activation between primary and secondary TE
ECs were higher in the PEC compared with secondary TE.
There was a statistical difference between the two groups if the highest count method was used. P = 0.001 but not if the mean of five fields considered P = 0.054. Table 6 gives the P values comparing the number of eosinophils between each TE category and PEC. It shows that the most statistically significant difference is between PEC and both quiescent CD and UC. This applies to both counting methods.
There was no statistical difference between ECs (highest and mean) between PEC and drug-induced TE.
The ROC curves for both the highest [ Figure 4 ] and mean [ Figure 5 ] ECs showed an overlap between ECs in PEC and secondary TE. The AUC of both was in the fail category (0.56 for the highest count and 0.55 for the mean of five HPFs). This precludes finding a useful cutoff point to differentiate primary from secondary TE. For example, considering the highest count method, a cutoff point of 20 and 30 gave 100% sensitivity but 10% and 30% specificity, respectively.
Eosinophil activation was noted in all groups, and degranulation was present in all cases of primary and secondary TE. Eosinophilic cryptitis was a common feature in PEC, drug-induced TE, and active IBD.
DISCUSSION
This cohort of 171 TE cases and 121 normal controls shows that better sensitivity and specificity of detecting TE is obtained using a cutoff point of 30 eosinophils per HPF if counting the most densely populated field, and 20 if calculating a mean of five fields, combining these points with the presence of features of eosinophil activation improve diagnosing TE. It also shows that calculating the mean of five fields has no significant advantage over counting the most densely populated HPF. The study demonstrates that there is no reliable cutoff point to differentiate primary from secondary TE, and features of eosinophil activation cannot be relied on for this matter.
In normal controls, the mean number of eosinophils per HPF in the most densely populated field is 17.2 and the mean + 1 SD is 29, this is close to our suggested 30 cutoff point as it gives 80% sensitivity and 65% specificity. If we were to use the mean + 2 SD (41 eosinophils), this would decrease the sensitivity to 63%, resulting in missing 37% of the cases. Although this point would increase specificity to 82%, in practical terms, increasing the detection rate is more important than decreasing false positives. However, pathologists and gastroenterologists need to recognize the overlap between normal and abnormal counts and evaluate cases on individual basis taking into consideration the presence of symptoms and the full clinical scenario to not overtreat TE. It is possible that the term "asymptomatic PEC" used by some researchers falls into this group of false positives. Indeed, most researchers are reluctant to diagnose PEC in asymptomatic patients, [12] which seems a valid approach.
The current practice of considering 20 as a cutoff point in the most densely populated field achieves 92% sensitivity but decreases specificity to 39%. This point is also too close to the mean of normal eosinophils (17.2) , as such, we recommend increasing the cutoff point to 30. The previously suggested use of the highest count [17] or a multiple of the highest count [2] ignores the overlap between normal and TE cases, which will result in a high false-negative rate.
The mean of 17.2 eosinophils found in this study is close to that reported by DeBrosse [8] (15 per HPF) and Lowichik [9] (17 per HPF), but higher than that reported by, Lee (7 per HPF) and [13] Matsushita (9.4 in proximal colon and 2.0 in distal colon). This variability could be explained by geographic distribution [21] and the segments of the colon examined. Several studies documented higher counts in the right colon compared with the left colon. [10, 12, 22] Our results indicate that counting eosinophils in the most densely populated field is sufficient; however, if a mean of five fields is taken into consideration, the overlap between normal and TE will improve slightly (as judged by AUC, 0.71 for the highest count compared with 0.79 for the mean of five HPFs). If this method is used, we suggest using 20 eosinophils per HPF as the cutoff point, this will achieve 80% sensitivity and 60% specificity. Again, this point is close to the mean + 1 SD (29.7) if this method is used.
Although the ROC curve and AUC suggest that taking the mean of five fields is slightly better than taking the highest count, the points we are suggesting obtain the same sensitivity (80%). In terms of specificity, using the highest count method is better as it achieves 65% specificity compared with the 60% achieved by counting five fields. Counting one field is also more practical and less time-consuming.
Features of eosinophil activation are useful clues to differentiate TE from normal as they are common features of TE cases, but they are rarely seen in normal controls. These results are similar to those reported by Turner et al. [12] Although PEC as a group has higher ECs than secondary TE, our results show too much overlap between ECs in these two entities (AUC close to 0.5). This applies to the two counting methods and precludes finding a meaningful cutoff point to differentiate them. Secondary TE contains a heterogeneous group of diseases, some of which have ECs as high as those in PEC, this is particularly obvious in cases of drug-induced TE. Active IBD, both Crohn's and UC types, show significantly higher ECs than quiescent cases, and UC exhibits higher ECs than CD in both the active and quiescent phases. Features of eosinophil activation are also not helpful in differentiating PEC from secondary TE as revealed by the insignificant Pearson's correlation coefficient. Separating primary from secondary causes of TE remains a clinicopathological question that needs full clinical review.
Limitations
The previously reported geographical differences of normal ECs [21] limit our results to our geographical area and cannot be confidently generalized. However, the normal counts in our sample are close to those reported from other geographical areas, including the United States of America (USA), although they differ from results from Japan. More research is needed to verify the significance of these geographical differences.
Another limitation of this study is that we did not evaluate eosinophils in the right and left colonic biopsies separately because in a large percentage of cases the exact biopsy site was not specified. More studies investigating normal numbers of eosinophils in the right and left colon are needed and can lead to separate cutoff points for each segment of the colon. However, our study reflects the usual daily practice of submitting biopsies in one container labeled as random colonic biopsies.
CONCLUSION
We recommend using 30 eosinophils per HPF as a cutoff point to diagnose TE and count only the most densely populated field. In view of the lack of distinguishing histological features, clinicopathological correlation is essential to separate PEC from secondary TE.
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